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Description 

Technical Field 

[0001] This invention relates to a method for monitor- 
ing PEM fuel cell stacks, alerting the operator to stack 
degrading conditions, and/or automatically initiating cor- 
rective measures to counter such conditions. 
[0002] The Government of the United States of Amer- 
ica has rights in this invention pursuant to contract No. 
DE-AC02-90CH 10435 awarded by the United States 
Department of Energy. 

Background of the Invention 

[0003] Fuel cells have been proposed as a power 
source for many applications. So-called PEM (i.e., Pro- 
ton Exchange Membrane) fuel cells [a.k.a. SPE (Solid 
Polymer Electrolyte) fuel cells] potentially have high en- 
ergy and low weight, and accordingly are desirable for 
mobile applications (e.g., electric vehicles). PEM/SPE 
fuel cells are well known in the art, and Include a "mem- 
brane-electrode-assembfy" comprising a thin, proton- 
transmissrve, solid polymer membrane-electrolyte hav- 
ing an anode on one of its faces and a cathode on the 
opposite face. The membrane-electrode-assembly is 
sandwiched between a pair of electrically conductive el- 
ements which serve as current collectors for the anode 
and cathode, and contain appropriate channels and/or 
openings therein for distributing the fuel celfs gaseous 
reactants over the surfaces of the respective anode and 
cathode catalysts. The channels/openings for the reac- 
tants are often referred to as "flow channels." A plurality 
of individual fuel cells are commonly bundled together 
to form a PEM fuel cell stack. 

[0004] PEM fuel cells are typically H 2 -0 2 fuel cells 
wherein hydrogen is the anode reactant (i.e., fuel) and 
oxygen is the cathode oxidant. The oxygen can either 
be in pure form (i.e., O^, or air (i.e., 0 2 admixed with 
N 2 ). The solid polymer membranes are typically made 
from ion exchange resins such as perflourinated sulfon- 
ic acid. One such resin is NAFION® sold by E.I. DuPont 
deNemours & Co. Such membranes are well known in 
the art and are described in U.S. Patents 5,272,01 7 and 
3,1 34,697, and in Journal of Power Sources, Volume 29 
(1990) pages 367-387, inter alia. The anode and cath- 
ode themselves typically comprise finely divided carbon 
particles, very finely divided catalytic particles support- 
ed on the internal and external surfaces of the carbon 
particles, and proton conductive resin intermingled with 
the catalytic and carbon particles. One such membrane- 
electrode-assembly and fuel cell is described in U. S. 
Patent 5,272,017 issued December 21, 1993 and as- 
signed to the assignee of the present invention. 
[0005] PEM fuel cell performance can degrade for a 
number of reasons including carbon monoxide poison- 
ing of the anode catalyst, flooding of the cells with H 2 O t 
and untoward nonuseful leakage of gaseous hydrogen 



around or through the proton exchange membrane. In 
this later regard, H 2 invasion of the cathode gas stream 
can occur by essentially three mechanisms to wit (1) 
leaky seals, (2) damage (e.g., puncture or tearing) to the 

5 membrane, and (3) naturally occurring bleeding/seep- ^ 
age through pin holes/pores in the membrane. Trans- 
port of gaseous hydrogen (l-y to the cathode side of the 
membrane can result in nonuseful H 2 consumption, loss 
of cell/stack efficiencies and a drop in cell voltage. CO 

10 poisoning and/or H 2 0 flooding result in a drop in cell and 
stack voltage and performance. When any of these sit- 
uations are indicated, corrective action is warranted to 
prevent irreversible cell/stack degradation. 

is Summary of the Invention 

[0006] The present invention contemplates a method 
for monitoring the performance of a stack of PEM fuel 
cells, and automatically triggering corrective measures 

20 (e.g., alert operator and/or initiate preventative action) 
when the performance degrades to an unacceptable 
level, as for example, may occur incident to CO poison- 
ing of the anode catalyst, water flooding of one or more 
the cells and/or excessive hydrogen invasion of the 

2$ cathode gas. More specifically, the present invention 
contemplates (1) measuring (i) hydrogen concentration 
in the cathode exhaust gas, (ii) individual cell voltages, 
and (iii) overall stack voltage, and (2) comparing the 
measured values to predetermined reference values of 

30 acceptability to indicate the condition of a PEM fuel cell 
stack. 

[0007] The stack comprises a plurality of individual 
cells. Each cell comprises (1) a proton exchange mem- 
brane (e.g., NAFION®) having an anode and a cathode 
35 affixed to opposing first and second surfaces of the 
membrane, (2) a first flow channel adjacent the anode 
for passing hydrogen into contact with the anode, and 
(3) a second flow channel adjacent the cathode for flow- 
ing an oxygen-bearing gas (preferably air) into contact 
40 with the cathode. A stack of such cells includes an ex- 
haust gas manifold for receiving cathode exhaust gas 
from the several second flow channels. An hydrogen 
sensor communicates with the exhaust manifold for 
measuring the hydrogen concentratbn in the exhaust 
45 gas, and outputs a voltage which is proportional to the 
log of the ratio of the H*> to the 0 2 concentration times 
the mass flow rate of the gas. A cell/stack monitor meas- 
ures total stack voltage as well as individual cell voltag- 
es. A number of measurements, calculations, and corn- 
so parisons to predetermined reference values are made 
to determine the condition of the stack, and, based ther- 
eon, corrective measures are taken such as alerting the 
stack's operator of impending or prospective undesira- 
ble condition(s), and/or automatically initiating prevent- 
55 ative actions to mitigate such condition(s). 

[0008] One embodiment of the invention focuses pri- 
marily on detecting untoward transfer of H 2 into the cath- 
ode exhaust. To this end: (1 ) the flow rate of the cathode 
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exhaust gas is determined (e.g., calculated or meas- 
ured); (2) the concentration of hydrogen in the exhaust 
gas is measured (e.g., by the H 2 sensor); (3) the output 
from the H 2 sensor, which is indicative of the hydrogen 
concentration in the exhaust gas, is corrected to make 
allowances for hydrogen content which is attributable to 
variations in exhaust gas flow rate; (4) from the correct- 
ed hydrogen content, the rate of change in hydrogen 
concentration with respect to time (i.e., dHj/dt) is calcu- 
lated; (5) the dHg/dt is compared to a first predetermined 
value which is the maximum acceptable rate of hydro- 
gen concentration increase in the exhaust gas; (6) if the 
calculated dHg/dt is equal to or exceeds the first prede- 
termined value, a first signal is outputted; (7) the cor- 
rected hydrogen, concentration is then compared to a 
second predetermined value which is the maximum ac- 
ceptable total hydrogen concentration in the exhaust 
gas; (8) if the corrected hydrogen concentration is equal 
to or exceeds the second predetermined value, a sec- 
ond signal is outputted; (9) the total voltage (V s ) across 
the stack of cells is measured; (10) the rate of decrease 
in stack voltage (if any) with respect to time (dV^dt) is 
calculated; (11 ) the power demand on the stack is read; 
(12) the rate of stack voltage decrease (dvydt) is cor- 
rected to make allowances for voltage changes attribut- 
able to the power demand on the stack; (1 3) the correct- 
ed rate of stack voltage decrease is compared to a third 
predetermined vaJue corresponding to the maximum ac- 
ceptable rate of decrease in stack voltage which has 
been corrected for power demand; (14) if the corrected 
rate of stack voltage decrease is equal to or greater than 
the third predetermined value, a third signal is outputted; 
and (15) if the conditions producing the first, second and 
third signals coexist, the system automatically initiates 
corrective measures to reduce the hydrogen concentra- 
tion in the exhaust gas to an acceptable level. Such 
measures may include triggering visual or audible alerts 
to the stack operator to take appropriate action, or au- 
tomatically initiating preventative measures such as (a) 
reducing H 2 pressure, (b) increasing cathode gas flow 
rate or pressure, or (c) starting a preprogrammed stack 
shutdown sequence. 

[0009J According to a preferred embodiment of the in- 
vention, certain telltales, or advance indicators, of the 
stack's prospective condition will also be provided which 
can automatically trigger appropriate actions to mitigate 
such conditions before they become serious. To this 
end: (a) the corrected hydrogen concentration deter- 
mined from step 3 above is compared to a fourth prede- 
termined value which is the maximum acceptable hy- 
drogen concentration in the exhaust gas attributable to 
natural seepage of hydrogen gas through the mem- 
brane; (b) if the corrected hydrogen concentration ex- 
ceeds this fourth predetermined value, a fourth signal is 
outputted; (c) if the corrected hydrogen concentration 
from step 3 above is less than the second predeter- 
mined value above, a fifth signal is outputted; (d) a first 
individual cell voltage (V^ of a first of the cells in the 



stack is measured and memorized; (e) a second individ- 
ual cell voltage (V 2 ) of a second of the cells in the stack 
is measured; (f) the first individual voltage (V^ is sub- 
tracted from the second individual voltage (V 2 ) to deter- 
s mine any difference A V therebetween; (g) this difference 
AV is compared to a fifth predetermined value which is 
the maximum acceptable voltage difference between 
any two individual cells in the stack; (h) steps d-g above 
are repeated for each and every individual cell in the 
io stack; (i) if the voltage difference AV between any two 
cells in the stack is less than or equal to the fifth prede- 
termined value, a sixth signal is outputted; (j) if this volt- 
age difference A V is greater than the fifth predetermined 
value, a seventh signal is outputted; (k) when the con- 
ditions producing the fourth, fifth and seventh signals 
coexist, the prospect of potential/future excessive hy- 
drogen leakage is indicated so that corrective measures 
designed to mitigate this condition can be undertaken 
with ample time to correct the matter. When the condi- 
20 tions producing the third, fifth and sixth signals coexist, 
the prospect of some other potential/future performance 
- eroding condition, (e.g., carbon monoxide poisoning) 
is indicated so that corrective measures designed to mit- 
igate such condition can be undertaken. Such measures 
2$ might include (1 ) simply alerting the operator or (2) trig- 
gering the automatic shutdown of the stack during its 
next idle period to purge the anode with Og/air to remove 
the CO, or purge the cathode with excess air to remove 
any H 2 0 accumulated therein. 

30 

Brief Description of the Drawings 

[0010] The invention will be better understood when 
considered in the light of the following detailed descrip- 
35 tion thereof which is given hereafter in conjunction with 
the following drawings of which: 



FIG. 1 is a schematic of a bipolar, PEM fuel cell 
stack, and monitoring system therefor; and 
FIG. 2 is a logic diagram illustrating the process of 
the present invention used to monitor the stack's op- 
eration and initiate appropriate corrective measures 
if needed. 



40 



45 Description of the Preferred Embodiment 



[0011] Figure 1 depicts a stack 2 of individual fuel eel Is 
4 each comprising a membrane electrode assembly 6 
having a proton conductive resin membrane 8 with an 
50 anode 10 on one surface thereof and a cathode 12 on 
the opposite surface thereof. A cathode flow channel 1 4 
is provided adjacent the cathode 1 2 for flowing an oxy- 
gen-rich gas (i.e., preferably air) by and into contact with 
the cathode 12. Similarly an anode flow channel 16 is 
5S provided adjacent the anode 1 0 for flowing hydrogen fu- 
el by and into contact with the anode 1 0. The membrane 
8 will preferably comprise a perfluorinated sulfonic acid 
polymer such as NAFION® as is well known in the PEM 
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fuel cell art. Each individual cell is separated from the 
next in the stack by a bipolar plate 18, which is a con- 
ductive plate (e.g., metal, carbon, etc.) which separates 
the several cells one from the next yet permits electrical 
current to flow directly from one cell to the next in an 
electrical series connection of the several cells in the 
stack 2. The bipolar plates 8 will have a plurality of ribs 
or bosses (not shown) thereon for engaging the anode 
1 0 and cathode 1 2 and collecting current therefrom. The 
ribs/bosses define a plurality of grooves or the like (not 
shown) through which the H 2 and 0 2 flow. End plates 
20 and 22 terminate the stack and define the respective 
cathode and anode flow channels for the end cells of 
the stack. A cathode gas supply manifold 24 distributes 
the cathode gas (e.g., air) to the several cathode flow 
channels 14. Similarly an anode inlet manifold 26 dis- 
tributes hydrogen fuel to the several anode flow chan- 
nels 16. A hydrogen exhaust manifold 28 collects un- 
used hydrogen from the several anode flow channels 
and recirculates ft backto the inlet manifold 26 for reuse. 
Similarly, a cathode exhaust gas manifold 30 collects 
exhaust gas from the cathode flow channels 1 4. 
[0012] The cathode exhaust gas comprises nitrogen, 
u neon sum ed oxygen, water, and a small amount of hy- 
drogen which seeps or bleeds naturally through the 
membrane 8 as a result of micropores or pin holes left 
therein as a normal result of the process used to man- 
ufacture the membrane. Hence, a certain amount of hy- 
drogen seepage through the membrane is to be expect- 
ed and can be tolerated. Hg seepage/bleeding rates of 
about 0.03 std. cc/min/cm 2 of a membrane which is 2 
mils thick is not unusual for cells having a pressure dif- 
ference across the membrane of 300 kPa. Untoward 
leakage of hydrogen through the membrane into the 
cathode flow channel, however, is impermissible as it 
substantially reduces the operating efficiency of the 
stack, nonusefully consumes hydrogen, and can cause 
a drop in ceil/stack voltage. Untoward invasion of the 
cathode flow channel by gaseous hydrogen could result 
from a tear or rupture of the membrane or by simply an 
enlarging of any of the pre-existing pores/pin holes in 
the membrane over time. Similarly, leakage around 
seals in the fuel stack could also cause untoward trans- 
fer of gaseous hydrogen into the cathode stream. In ei- 
ther case, it is desirable to monitor the stack to quantify 
the H 2 leakage, and to automatically trigger corrective 
action if it becomes untoward. Such corrective action 
may involve simply alerting the operator to take appro- 
priate action, or automatically triggering appropriate ac- 
tion (e.g., stack shutdown). 

[0013] As part of the hydrogen leakage alert system, 
a hydrogen sensor 32 communicates with the cathode 
exhaust gas manifold 30 for measuring the hydrogen 
concentration therein. The H 2 sensor 32 may be any 
rapid response hydrogen sensor such as the sensor dis- 
closed in U.S. Patent Kennard et al 5,472,580 issued 
December 5, 1 995 and assigned to the assignee of the 
present invention. A voltage output signal 34 from the 



hydrogen sensor 32 is conditioned or adjusted by cor- 
recting it to make allowances for acceptable hydrogen 
concentration variations in the cathode exhaust attrib- 
utable to variations in the cathode gas flow rate as will 

5 be discussed in more detail hereinafter. A corrected sig- 
nal 38 is sent to a system controller 40 along with output 
42 from a cell/stack voltage monitor 44. The cell/stack 
voltage monitor 44 is essentially a combined scanner 
and digital voltmeter that scans the stack 2, one ceil at 

10 a time, reading the voltage of each individual cell as well 
as the total voltage of the stack. A preferred such mon- 
itor is a so-called Battery Pack Monitor (BPM) sold by 
the Delco Electronics Corporation to monitor battery 
packs, and individual battery modules therein, in electric 

is vehicles. Such monitors 44 essentially take the form of 
a conventional general purpose digital computer based 
controller programmed to monitor individual cells or 
group of ceils voltage, as well as total stack output volt- 
age and current Accordingly, the monitor 44 includes a 

20 common digital computer with associated read-only 
memory (ROM), read-write random access memory 
(RAM), electrically programmable read only memory 
(EPROM), and input/output sections which interface 
with the cells in the stack, and system controller 40. The 

25 read-only memory of the digital computer of the moni- 
tor's controller contains the instructions necessary to im- 
plement the basic input/output instructions. The electri- 
cally programmable read only memory (EPROM) con- 
tains the instructions necessary to implement the mon- 

30 itors own internal control, data manipulation, and com- 
munication algorithms. The cell/stack voltage monitor 
44 communications with the main electronic controller 
40 though the means of any appropriate communication 
network protocol, many. of which are known in the art. A 

35 specific program for carrying out the functions of the cell/ 
stack voltage monitor 44 may be accomplished by 
standard skill in the art using conventional information 
processing languages. 

[0014] The electronic controller 40 takes the form of 

40 a conventional general purpose digital computer based 
controller programmed (1) to control the operating pa- 
rameters of the fuel cell stack system to the power de- 
mands placed on the system, and (2) to diagnose the 
condition of the stack according to the present invention. 

45 Accordingly, the controller 40 includes a common digital 
computer with associated readonly memory (ROM), 
read-write random access memory (RAM), electrically 
programmable readonly memory (EPROM), electrically 
programmable flash' memory, a central processing unit 

so (CPU), and input/output sections which interface with 
cell/stack voltage monitor, hydrogen and other sensors 
and various actuators. A preferred such controller 40 is 
an EDCX-3 microcontroller from the Delco Electronics 
Corporation. The read-only memory of the digital com- 

ss puter of the controller 40 contains the instructions nec- 
essary to implement the basic input/output instructions. 
The electrically programmable "flash" memory contains 
the instructions necessary to implement the control al- 
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gorithms set forth in Figure 2. The electricalfy program- 
mable read only memory (EPROM) contains the calibra- 
tion constants against which the various cell/stack op- 
erating parameters are compared. A specific program 
for carrying out the functions depicted in the flow dia- 
gram of Figure 2 may be accomplished by stahdard skill 
in the art using conventional information processing lan- 
guages. 

[0015] The controller 40 is programmed to perform 
the process depicted in Figure 2, which is a logic dia- 
gram of the process of the present invention. The con- 
troller 40 electronically repeats the process over and 
over in intervals of about 100 milliseconds. That is to 
say, about every 1 00 milliseconds all of the steps shown 
in Figure 2, and described hereinafter, are repeated. 
[0016] In order to achieve maximum overall system (i. 
e., fuel cell stack and peripherals, such as compressors, 
reformers, heat exchangers, etc.) efficiency, the flow 
rate of the inlet air will vary depending upon the power 
demand on the stack. The flow rate of the cathode gas 
in the exhaust manffold 30 is determined in step 46 by 
first measuring the mass flow rate (grams/second) of the 
air in the intake manifold 24 and then, based on the pow- 
er demand on the stack (and corresponding reaction 
rate in the cells), calculating the mass flow rate of the 
cathode exhaust gas in the exhaust manifold 30. This 
exhaust gas will have less 0 2 than the inlet air, but will 
have more water as well as some H 2 picked up in the 
several cells 4. The mass flow rate is measured in the 
intake manifold rather than the exhaust manifold be- 
cause the composition of the gas (i.e., air) therein is a 
constant (i.e., 79% N 2 and 21% Oj>). Any commercially 
available calorimetric mass flow rate meter can be used 
for this purpose. The mass flow rate of the exhaust gas 
is determined from the mass flow rate of the cathode 
inlet gas by means of a first lookup table the values of 
which are determined imperically wherein, through a se- 
ries of experiments, the mass flow rate of the exhaust 
gas is determined as the mass flow rate of the inlet cath- 
ode gas changes as a function of the power demand 
placed on the stack. The correction made to the signal 
34 is made by means of a second lookup table which is 
based on imperical data which takes into account the 
H 2 concentration changes due to mass flow rate chang- 
es in the system, and specifically sets forth the actual 
concentration of hydrogen, irrespective of the dilution 
effect, as a function of the actual exhaust gas mass flow 
rate as determined from the first lookup table. At step 
48 the hydrogen concentration in the exhaust manifold 
30 is measured by the sensor 32, and the output signal 
34 therefrom corrected at step 50 for hydrogen concen- 
tration variations due to cathode gas flow rate variations. 
In this regard, increased air flow rates could mask or 
hide an excessive hydrogen leakage condition, since 
the extra oxygen reacts with more of the gaseous hy- 
drogen which in turn, reduces the amount of hydrogen 
in the exhaust gas. In effect, the hydrogen is diluted 
which leads to an artificially low concentration of H 2 be- 



ing sensed and reported even though H 2 leakage is ex- 
cessive. Accordingly, the signal 34 is corrected to make 
allowances for this dilution effect. Acceptable levels of 
hydrogen in the cathode exhaust gas will preferably be 
5 something less than about 2% by volume. 

[0017] In step 52, the corrected hydrogen concentra- 
tion is compared to a calibration constant, C1 , which is 
the maximum acceptable hydrogen concentration in the 
exhaust gas that is attributable to allowable seepage/ 
10 bleeding of hydrogen gas through the membrane. The 
constant, C1, is determined imperically by measuring 
the normal amount of H 2 seepage/bleeding through 
membranes having different numbers and sizes of pin 
holes therein. C1 will depend on the composition, thick- 
1£ ness and area of the membrane. Hence the constant, 
C1, will vary from one stack to the next. By way of ex- 
ample, the constant, C1, will be 20 parts per million of 
H 2 in the exhaust gas (as corrected) for 2 mil thick 
NAFION® 112 membranes having an electrode area of 
20 500 cm 2 . As shown in box 54, an output signal 56 is 
generated when the corrected hydrogen concentration 
in the exhaust gas exceeds C1 and indicates that a high 
hydrogen concentration condition (7) exists. The "no" 
path exiting step 54, and the several other steps, merely 
25 indicates that the preceding sequence of steps is re- 
peated. 

[0018] H 2 concentration alone is not solely determi- 
native that some sort of corrective action is warranted. 
Hence, it is also desirable to determine the rate at which 
30 the hydrogen concentration in the exhaust gas changes 
(i.e., dH^dt), and particularly whether or not there is a 
rapid increase in that concentration which is indicative 
of a membrane or a seal failure. Accordingly at step 58, 
the controller 40 also determines the rate of hydrogen 
35 concentration change, and at step 59 compares it to a 
calibration constant, C5. In this regard, the controller 40 
determines the difference between two consecutive H 2 
concentration readings and divides it by the time interval 
between such readings. The constant, C5, is a subjec- 
40 tive constant determined by the fuel cell designer based 
on his/her perception of the response/reaction time 
needed for taking corrective action to prevent significant 
performance decay or irreversible cell/stack degrada- 
tion. Hydrogen concentration decreases are of no con- 
45 cern. On the other hand, rapid increases in hydrogen 
concentration in the exhaust gas warrants initiating cor- 
rective action to reduce this condition. By way of exam- 
pie, C5 might be set at about 20%-25% below the rate 
of change of hydrogen in the exhaust gas that is attrib- 
50 utable to the unset of untoward leakage of hydrogen 
through the membrane. As indicated in block 60, if the 
hydrogen concentration rate of change is equal to or 
greater than the value C5, an output signal 62 is provid- 
ed indicating the existence of a condition (3), 
55 [0019] The corrected hydrogen concentration is also 
compared to a calibration constant, C2, which is the 
maximum acceptable total hydrogen content allowable 
in the exhaust gas. This value C2 will be set by the stack 
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designer, and will preferably be no more than about 2% 
by volume. As indicated in block 66, if the hydrogen con- 
centration in the exhaust gas is equal to or exceeds the 
constant, C2, an output signal 68 is provided which in- 
dicates that a condition (2) exists. On the other hand, if 
the hydrogen concentration is less than C2, an output 
69 is generated which indicates that a condition (1) ex- 
ists. 

[0020] The cell/stack voltage monitor 44 scans the en- 
tire stack 2 of cells 4 measuring the individual voltage 
(e.g., V v V 2 , etc.) for each and every individual cell in 
the stack, as well as the entire stack. These voltages 
are provided to the controller 40 which determines if any 
significant voltage difference exists between any two 
cells in the stack. If so, an appropriate signal 82 is pro- 
vided. In this regard, at step 70 the voltage V-, across a 
single cell 4 in the stack 2 is measured. The voltage (V,) 
is memorized at step 72, and the voltage in another 
(preferably adjacent) cell in the stack is measured at 
step 73. The difference, AV, between the first measured 
voltage V, and the second measured voltage V 2 is then 
determined at step 74, and at step 76 such difference 
compared to a calibration constant, C4, which is the 
maximum acceptable voltage difference between any 
two cells in the stack. This acceptable/allowable voltage 
difference C4 is determined imperially and shows the 
normal voltage variations from one cell to the next in a 
healthy fuel cell stack, and is expected to be about no 
more than 100 millivolts between ceils. The precise val- 
ue of C4, at any point in time, will vary according to the 
polarization curve of the stack under various conditions 
of load, as is well known to artisans skilled in this field. 
What AV would be allowable at any given instant would 
be determined by a lookup table which is derived from 
the applicable polarization curve for the particular stack. 
If a membrane ruptures, the voltage will drop in the cell 
where the rupture occurs, and the AV for that cell with 
respect to another healthy cell will increase significantly. 
Only AVs in the negative direction (i.e., voltage drop) 
are considered significant. Hence as shown in block 78, 
if the AV is less than or equal to C4, an output 80 is 
produced which indicates that a condition (5) exists. 
This is a "no problem" condition. On the other hand, if 
the AV is greater than C4 an output 82 is generated 
which indicates that an undesirable (i.e., high AV) con- 
dition (4) exists. 

[0021] Finally, the output voltage of the entire stack is 
measured and used as a factor in determining the con- 
dition of the stack. More specifically, as indicated at step 
84, the cell/stack voltage monitor 44 measures total 
stack voltage V s and reports it to the system controller 
40. Based thereon, the controller 40 determines the rate 
of change in voltage with respect to time as indicated at 
block 86. At step 88, the total power demand on the 
stack is determined by the cell/stack voltage monitor 44. 
At step 90, the voltage change rate (dVg/dt) is then cor- 
rected for the power demand. In this regard, it is known 
that as the power demand or load on a stack increases, 



the stack voltage will decrease according to the power 
polarization curve for that stack. Accordingly, a lookup 
table is devised based on that polarization curve, and 
the appropriate voltage rate correction taken from that 
lookup table. The corrected dV^dt is then compared at 
step 92 to a constant, C3, which is the maximum allow- 
able rate of decrease in stack voltage for that particular 
stack. The constant, C3, is determined imperically from 
experiments based on stack voltage drop due to maxi- 
mum allowable carbon monoxide levels in the hydrogen 
fuel (i.e., about 20 parts per million). As indicated in 
block 94, if the stack voltage change rate is equal to or 
exceeds the maximum allowable rate of decrease in 
stack voltage (i.e., C3) an output signal 96 is generated 
which is indicative of the existence of condition (6). 
[0022] The controller 40 contains a number of subrou- 
tine programs which are triggered by different combina- 
tions of the conditions 1-7 mentioned above. For exam- 
ple if condition 2, 3 and 6 coexist, immediate corrective 
measures are warranted, and will automatically be un- 
dertaken to mitigate the high H 2 concentration condition. 
In this regard when an "and gate - 104 determines the 
coexistence of such conditions, it sends a signal 98 
which may either alert the operator, or trigger a subrou- 
tine/program which automatically starts to correct the 
problem, e.g., by shutting down the stack, or throttling 
it back by opening/closing such valves, switches, etc. in 
the fuel cell system and peripheral equipment in a pre- 
scribed sequence as may be necessary to mitigate the 
high hydrogen concentration. Similarly if conditions 4, 7 
and 1 coexist, an "and gate" 106 issues a signal 100 
which will trigger a subroutine which may illuminate a 
warning light, sound an alarm or automatically under- 
take steps to reduce the effects of unacceptable hydro- 
gen bridging of the membrane, e.g., via isolating the de- 
fective cell, throttling back on the hydrogen pressure, or 
increasing the cathode gas pressure, inter alia. Finally 
if conditions 1 , 5 and 6 coexist, an "and gate" 1 08 issues 
a signal 102 which triggers a subroutine which may illu- 
minate a warning light, sound an alarm, or automatically 
undertake appropriate corrective action to reduce the 
performance degradation of the stack. For example in 
the case of carbon monoxide poisoning, a subroutine 
may be initiated which cuts off hydrogen flow when the 
stack is idle, and flows air/0 2 into the anode flow chan- 
nel to remove the carbon monoxide from the anode. 
Thereafter, the process is reversed and the stack put 
back on stream. H 2 0 flooding, on the other hand, may 
be mitigated by flowing excess air through the cathode 
flow channel. 

[0023] While the invention has been disclosed prima- 
rily in terms of specific embodiments thereof it is not in- 
tended to be limited thereto but rather only to the extent 
set forth hereafter in the claims which follow. 
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Claims 

1. A method for monitoring the performance of a stack 
(2) of H 2 -0 2 PEM fuel cells (4) and alerting the 
stack's operator and/or triggering corrective action 5 
when said performance degrades to an unaccept- 
able level, said stack (2) having an exhaust gas 
manifold (30) communicating with, and receiving a 
cathode exhaust gas from, each of said ceils (4), 
comprising the steps of: 10 

1 . determining the flow rate of said exhaust gas 
in said manifold (30); 

2. measuring the concentration of hydrogen in is 
said exhaust gas; 

3. correcting the hydrogen concentration meas- 
ured in step 2 to make allowances for hydrogen 
concentrations in said exhaust gas attributable 20 
to variations in said flow rate; 

4. from the corrected hydrogen concentration 
determined in step 3, determining the rate of 
change in hydrogen concentration in said ex- 25 
haust gas with respect to time (i.e. dHg/dt); 

5. comparing the dHg/dt determined in step 4 
to a first predetermined value which is the max- 
imum acceptable rate of hydrogen increase in 30 
said exhaust gas; 

6. outputting a first signal from step 5 when dHg/ 
dt is equal to or exceeds said first predeter- 
mined value; 35 

7. comparing the corrected hydrogen concen- 
tration from step 3 to a second predetermined 
value which is the maximum acceptable total 
hydrogen content in said exhaust gas; 40 

8. outputting a second signal from step 7 when 
the corrected hydrogen concentration from 
step 3 is equal to or exceeds said second pre- 
determined value; 45 

9. measuring the total voltage (VJ across said 
stack (2); 

10. determining the rate of any decrease in so 
stack voltage with respect to time (dVg/dt); 

1 1 . reading the power demand on the stack (2); 

12. correcting the rate of stack voltage de- ss 
crease (dV^/dt) determined in step 10 to make 
allowances for stack voltage changes attribut- 
able to said power demand; 



1 3. comparing the rate of corrected stack volt- 
age decrease from step 12 to a third predeter- 
mined value which is the maximum acceptable 
rate of decrease in corrected stack voltage; 

14. outputting a third signal from step 1 3 when 
the corrected stack voltage decrease is equal 
to or greater than said third predetermined val- 
ue; and 

15. automatically initiating corrective measures 
to reduce the hydrogen concentration in said 
exhaust manifold (30) when the conditions pro- 
ducing said first, second and third signals co- 
exist. 

2. A method for monitoring the performance of a stack 
(2) of H>-0 2 PEM fuel cells (4) and alerting the 
stack's operator and/or triggering corrective action 
when said performance degrades to an unaccept- 
able level, said stack (2) having an exhaust gas 
manifold (30) communicating with, and receiving 
cathode exhaust gas from, each of said ceils (4), 
comprising the steps of: 

1 . determining the flow rate of said exhaust gas 
in said manifold (30); 

2. measuring the concentration of hydrogen in 
said exhaust gas; 

3. correcting the hydrogen concentration meas- 
ured in step 2 to make allowances for hydrogen 
concentrations in said exhaust gas attributable 
to variations in said flow rate; 

4. from the corrected hydrogen concentration 
determined in step 3, determining the rate of 
change in hydrogen concentration in said ex- 
haust gas with respect to time (i.e. df-ydt); 

5. comparing the dHg/dt determined in step 4 
to a first predetermined value which is the max- 
imum acceptable rate of hydrogen increase in 
said exhaust gas; 

6. outputting a first signal from step 5 when dH^ 
dt is equal to or exceeds said first predeter- 
mined value; 

7. comparing the corrected hydrogen concen- 
tration from step 3 to a second predetermined 
value which is the maximum acceptable total 
hydrogen content in said exhaust gas; 

8. outputting a second signal from step 7 when 
the corrected hydrogen concentration from 
step 3 is equal to or exceeds said second pre- 
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determined value; 

9. measuring the total voltage (V fe ) across said 
stack (2); 

5 

10. determining the rate of any decrease in 
stack voltage with respect to time (dvydt); 

1 1 . reading the power demand on the stack (2); 

10 

12. correcting the rate of stack voltage de- 
crease (dVj/dt) determined in step 10 to make 
allowances for stack voltage changes attribut- 
able to said power demand; 

15 

1 3. comparing the corrected rate of stack volt- 
age decrease from step 1 2 to a third predeter- 
mined value which is the maximum acceptable 
decrease in corrected stack voltage; 

20 

1 4. outputting a third signal from step 13 when 
the corrected stack voltage decrease is equal 
to or greater than said third predetermined val- 
ue; 

25 

1 5. comparing the corrected hydrogen concen- 
tration from step 3 to a fourth predetermined 
value which is the maximum acceptable hydro- 
gen concentration in said exhaust gas attribut- 
able to seepage of hydrogen gas through a 30 
membrane (8) of said cell (4); 

1 6. outputting a fourth signal from step 1 5 when 
the corrected hydrogen concentration exceeds 
said fourth predetermined value; 35 

17. outputting a fifth signal from step 7 when 
the corrected hydrogen concentration from 
step 3 is less than said second predetermined 
value; 40 

18. measuring a first individual voltage, V 1( of 
a first of said PEM fuel cells in said stack (2); 

1 9. memorizing said first individual voltage, V n ; 4S 

20. measuring a second individual voltage, V 2 , 
of a second of said PEM fuel cells (4) in said 
stack (2); 

so 

21. determining any difference, AV, between 
said first individual voltage V t and said second 
individual voltage V 2 ; 

22. comparing said difference, AV, from step 21 55 
to a fifth predetermined value which is the max- 
imum acceptable voltage difference between 
any two individual cells (4) in said stack (2); 



23. repeating steps 1 8-22 for each individual 
cell (4) in the stack (2); 

24. outputting a sixth signal from step 23 when 
the voltage difference AV between any two cells 
in said stack (2) is less than or equal to said fifth 
predetermined value; 

25. outputting a seventh signal from step 23 
when said voltage difference AV is greater than 
said fifth predetermined value; 

26. automatically initiating an alert that undesir- 
able hydrogen leakage into the cathode ex- 
haust gas is evident when the conditions pro- 
ducing the fourth, fifth and seventh signals co- 
exist; 

27. automatically initiating an alert that stack 
performance is degrading when the conditions 
producing the third, fifth and sixth signals coex- 
ist; and 

28. automatically initiating corrective measures 
to reduce the hydrogen concentration in said 
exhaust manifold (30) when the conditions pro- 
ducing said first, second and third signals co- 
exist. 



PatentansprOche 

1. Verfahren, urn die Leistungsfahigkeit eines Stapels 
(2) von H 2 -0 2 -PEM-Brennstoffzellen (4) zu Oberwa- 
chen und den Anwender des Stapels zu alarmieren 
und/oder eine Korrekturwirkung auszulosen, wenn 
sich die Leistungsfahigkeit auf ein unannehmbares 
Niveau verschlechtert, wobel der Stapel (2) eine 
Abgassammelleitung (30) aufweist, die mit jeder 
der Zellen (4) in Verbindung steht und Kathodenab- 
gas von jeder der Zellen (4) aufnimmt, mit den 
Schritten, das: 

1 . die FluBrate des Abgases in der Sammellei- 
tung (30) bestimmt wird; 

2. die Konzentration an Wasserstoff in dem Ab- 
gas gemessen wird; 

3. die in Schritt 2 gemessene Wasserstoff kon- 
zentration korrigiert wird, urn die Wasserstoff- 
konzentrationen in dem Abgas auf Anderungen 
in der FluBrate zuruckfuhrbar zu machen; 

4. aus der in Schritt 3 bestimmten korrigierten 
Wasserstoffkonzentration die Rate der Ande- 
rung der Wasserstoffkonzentration in dem Ab- 
gas in bezug auf die Zeit bestimmt wird (d.h. 
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dHg/dt); 

5. die in Schritt 4 bestimmte dH^dt mit einem 
ersten vorher festgelegten Wert verglichen 
wird, der die maximal annehmbare Rate eines 5 
Wasserstoffanstiegs in dem Abgas darsteilt; 

6. ein erstes Signal von Schritt 5 ausgegeben 
wird, wenn dHg/dt gleich dem ersten vorher 
festgelegten Wert ist oderdiesen uberschreitet; 10 

7. die korrigierte Wasserstoffkonzentration von 
Schritt 3 mit einem zweiten vorher festgelegten 
Wert verglichen wird, der den maximal an- 
nehmbaren G esamt wasserstoff geh art in dem 75 
Abgas darsteilt; 

8. ein zweites Signal von Schritt 7 ausgegeben 
wird, wenn die korrigierte Wasserstoffkonzen- 
tration von Schritt 3 gleich dem zweiten vorher 20 
festgelegten Wert ist oderdiesen uberschreitet; 

9. die Gesamtspannung (V 6 ) uber den Stapel 
(2) gemessen wird; 

25 

1 0. die Rate einer beliebigen Abnahme der Sta- 
pelspanriung in bezug auf die Zeit bestimmt 
wird (dVa/dt); 

1 1 . die Leistungsanforderung an den Stapel (2) 30 
gelesen wird; 

1 2. die in Schritt 1 0 bestimmte Rate der Stapel- 
spannungsabnahme (dVg/dt) korrigiert wird, 

urn Stapeispannungsanderungen auf die Lei- 35 
stungsanforderung zuruckfuhrbar zu machen; 

1 3. die Rate der korrigierten Stapelspannungs- 
abnahme von Schritt 12 mit einem drrtten vor- 
her festgelegten Wert verglichen wird, der die 40 
maximal annehmbare Rate der Abnahme der 
korrigierten Stapelspannung darsteilt; 

14. ein drittes Signal von Schritt 13 ausgege- 
ben wird, wenn die korrigierte Stapelspan- 45 
nungsabnahme gleich oder grdBer als der dritte 
vorher festgelegte Wert ist; und 

15. automatisch KorrekturmaBnahmen einge- 
leitet werden, urn die Wasserstoffkonzentration so 
in der Abgassammelleitung (30) zu verringern, 
wenn dieZustande, welche die ersten, zweiten 
und dritten Signale bewirken, nebeneinander 
vorliegen. 

55 

Verfahren, umdie Leistungsfahigkeit eines Stapels 
(2) von H 2 -0 2 -PEM-Brennstoffzellen (4) zu uberwa- 
chen und den Anwender des Stapels zu alarmieren 



und / oder eine Korrekturwirkung auszulosen, wenn 
sich die Leistungsfahigkeit auf ein unannehmbares 
Niveau verschlechtert, wobei der Stapel (2) eine 
Abgassammelleitung (30) aufweist, die mit jeder 
der Zellen (4) in Verbindung steht und Kathodenab- 
gas von jeder der Zellen (4) aufnimmt, mit den 
Schritten, das: 

1 . die FluBrate des Abgases in der Sammellei- 
tung (30) bestimmt wird; 

2. die Konzentration an Wasserstoff in dem Ab- 
gas gemessen wird; 

3. die in Schritt 2 gemessene Wasserstoffkon- 
zentration korrigiert wird, urn die Wasserstoff- 
konzentration en in dem Abgas auf Anderungen 
in der FluBrate zuruckfuhrbar zu machen; 

4. aus der in Schritt 3 bestimmten korrigierten 
Wasserstoffkonzentration die Rate der Ande- 
rung der Wasserstoffkonzentration in dem Ab- 
gas in bezug auf die Zeit bestimmt wird (d.h. 
dHg/dt); 

5. die in Schritt 4 bestimmte dH 2 /dt mit einem 
ersten vorher festgelegten Wert verglichen 
wird, der die maximal annehmbare Rate eines 
Wasserstoffanstiegs in dem Abgas darsteilt; 

6. ein erstes Signal von Schritt 5 ausgegeben 
wird, wenn dHg/dt gleich dem ersten vorher 
festgelegten Wert ist oderdiesen uberschreitet; 

7. die korrigierte Wasserstoffkonzentration von 
Schritt 3 mit einem zweiten vorher festgelegten 
Wert verglichen wird, der den maximal an- 
nehmbaren Gesamtwasserstoffgehalt in dem 
Abgas darstellt; 

8. ein zweites Signal von Schritt 7 ausgegeben 
wird, wenn die korrigierte Wasserstoffkonzen- 
tration von Schritt 3 gleich dem zweiten vorher 
festgelegten Wert ist Oder diesen uberschreitet; 

9. die Gesamtspannung (V s ) uber den Stapel 
(2) gemessen wird; 

1 0. die Rate einer beliebigen Abnahme der Sta- 
pelspannung in bezug auf die Zeit bestimmt 
wird (dVs/dt); 

11 . die Leistungsanforderung an den Stapel (2) 
gelesen wird; 

1 2. die in Schritt 1 0 bestimmte Rate der Stapel- 
spannungsabnahme (dV^dt) korrigiert wird, 
um Stapeispannungsanderungen auf die Lei- 
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stungsanforderung zurGckfuhrbar zu machen; 

13. die korrigierte Rate der Stapelspannungs- 
abnahme von Schritt 12 mit einem dritten vor- 
her festgelegten Wert verglichen wird, der die 
maximaie annehmbare Abnahme der korrigier- 
ten Stapelspannung darstellt; 

14. ein drittes Signal von Schritt 13 ausgege- 
ben wird, wenn die korrigierte Stapeispan- 
nungsabnahme gleich Oder groBer ais der dritte 
vorher festgelegte Wert ist; 

15. die korrigierte Wasserstoffkonzent ration 
von Schritt 3 mit einem vierten vorher festge- 
legten Wert verglichen wird, der die maximal 
annehmbare Wasserstoffkonzent ration in dem 
Abgas darstellt, die auf eine Versickerung von 
Wasserstoffgas durch eine Membran (8) der 
Zelle (4) zurOckfQhrbar ist; 

16. ein viertes Signal von Schritt 15 ausgege- 
ben wird, wenn die korrigierte Wasserstoffkon- 
zentration den vierten vorher festgelegten Wert 
Gberschreitet; 

17. ein funftes Signal von Schritt 7 ausgegeben 
wird, wenn die korrigierte Wasserstoffkonzen- 
tration von Schritt 3 kleiner als der zweite vor- 
her festgelegte Wert ist; 

18. eine erste Einzelspannung V 1 einer ersten 
der PEM-Brennstoffzellen in dem Stapel (2) ge- 
messen wird; 

19. die erste Einzelspannung V 1 gespeichert 
wird; 

20. eine zweite Einzelspannung V 2 einer zwei- 
ten der PEM-Brennstoffzellen (4) in dem Stapel 
(2) gemessen wird; 

21. ein Unterschied AV zwischen der ersten 
Einzelspannung V-, und der zweiten Einzel- 
spannung V 2 bestimmt wird; 

22. der Unterschied AV von Schritt 21 mit einem 
fOnften vorher festgelegten Wert verglichen 
wird, der den maximal annehmbaren Span- 
nungsunterschied zwischen zwei beliebigen 
Einzelzelien (4) in dem Stapel (2) darstellt; 

23. die Schritte 18-22 fur jede Einzelzelie (4) 
in dem Stapel (2) wiederholt werden; 

24. ein sechstes Signal von Schritt 23 ausge- 
geben wird, wenn der Spannungsunterschied 
AV zwischen zwei beliebigen Zellen in dem Sta- 



pel (2) kleiner oder gleich dem fOnften vorher 
festgelegten Wert ist; 

25. ein siebtes Signal von Schritt 23 ausgege- 
ben wird, wenn der Spannungsunterschied AV 
groBer als der fOnfte vorher festgelegte Wert 
ist; 

26. automatisch ein Alarm eingeleitet wird, daB 
ein unerwunschtes Wasserstoffleck in das Ka- 
thodenabgas vorliegt, wenn die Zustande, die 
die vierten, fOnften und siebten Signale bewir- 
ken, nebeneinander vorliegen; 

27. automatisch ein Alarm ausgeldst wird, daB 
sich eine Stapelletstungsfahigkeit verschlech- 
tert, wenn die Zustande, die die dritten, fOnften 
und sechsten Signale bewirken, nebeneinan- 
der vorliegen; und 

28. automatisch KorrekturmaBnahmen einge- 
leitet werden, um die Wasserstoff konzentration 
in der Abgassammelieitung (30) zu verringem, 
wenn die Zustande, die die ersten, zweiten und 
dritten Signale bewirken, nebeneinander vor- 
liegen. 



Revendlcations 

1. Procecte pourcontrGler la performance d'un empila- 
ge (2) de piles a combustible H 2 -0 2 de type PEM 
(4) et alerter I'op6rateurfaisantfonctionner I'empila- 
ge et/ou declencher une action corrective lorsque 
ladite performance se degrade en atteignant un ni- 
veau inadmissible, ledit empilage (2) poss^dant un 
collecteur de gaz de sortie (30) communiquant 
' avec, et recevant un gaz de d6gagement de catho- 
de a partir de chacune desdites piles (4), compre- 
nant les Stapes consistant a : 

1 . determiner le debit dudit gaz d'echappement 
dans ledit collecteur (30); 

2. mesurer la teneur en hydrogene dans ledit 
gaz d'echappement; 

3. corriger la teneur en hydrogene mesurSe lors 
de P6tape 2 pour tenir compte de teneurs en 
hydrogene dans ledit gaz d'echappement, im- 
putables a des variations dudit debit; 

4. a partir de la teneur en hydrogene corrigee 
determinee lors de I'Stape 3, determiner le taux 
de variation de la teneur en hydrogene dans le- 
dit gaz d'echappement en fonction du temps 
(c'est-a-dire dH^dt); 

5. comparer la valeur dH^dt determinee lors de 
Petape 4 a une premiere valeur pred£terminee, 
qui est le taux maximum admissible d'augmen- 
tation de I'hydrogene dans ledit gaz d'echappe- 
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ment; 

6. deiivrer un premier signal provenant de I'eta- 
pe 5 iorsque dH^/dt est egal ou depasse ladite 
premiere valeur predeterminee; 

7. comparer la teneur en hydrogene corrigee s 
foumie par retape 3 a une seconde valeur pre- 
determinee qui est la teneur totale maximum 
admissible en hydrogene dans ledit gaz 
d'echappement; 

8. deiivrer un second signal a partir de I'etape 10 
7 Iorsque la teneur en hydrogene corrigee pro- 
venant de I'etape 3 est egale ou superieure a 
ladite seconde valeur predeterminee; 

9. mesurer la tension totale (V s ) aux bornes du- 

dit empilage (2); 75 

1 0. determiner le taux d'une quelconque reduc- 
tion de la tension de I'empilage en fonction du 
temps (dVo/dt); 

11. lire ia demande de puissance imposee a 
I'empilage (2); 20 

12. corriger le taux de reduction de la tension 
aux bornes de Pempilage (dVo/dt) determine 
lors de I'etape 10 pour tenir compte de varia- 
tions de la tension aux bornes de I'empilage, 
imputables a ladite demande de puissance; zs 

1 3. comparer le taux de reduction corrige de la 
tension aux bornes de I'empilage obtenu a par- 
tir de I'etape 1 2 a une troisieme valeur prede- 
termines, qui est le taux maximum admissible 

de reduction de la tension d'empilage corrigee; 30 

14. deiivrer un troisieme signal provenant de 
retape 1 3 Iorsque la reduction corrigee de la 
tension aux bornes de I'empilage est egale ou 
superieure a ladite troisieme valeur predeter- 
minee; et 3S 

1 5. declencher automat iquement des mesures 
de correction pour reduire la teneur en hydro- 
gene dans ledit collecteur de gaz d'echappe- 
ment (30) Iorsque les conditions produisant les- 
dits premier, second et troisieme signaux exis- 40 
tent conjoint ement. 

Proc6de pourcontrdler la performance d'un empila- 
ge (2) de piles a combustible H 2 -0 2 de type PEM 
(4) et alerter I'operateur faisant fonctionner I'empila- *s 
ge et/ou declencher une action corrective Iorsque 
ladite performance se degrade en atteignant un ni- 
veau inadmissible, ledit empilage (2) poss6dant un 
collecteur de gaz de sortie (30) communiquant avec 
et recevant un gaz de degagement de cathode a so 
partir de chacune desdites piles (4), comprenant les 
etapes consistant a : 

1 . determiner le debit dudit gaz d'echappement 
dans ledit collecteur (30); ss 

2. mesurer la teneur en hydrogene dans ledit 
gaz d'echappement; 

3. corriger la teneur en hydrogene mesuree lors 



de retape 2 pour tenir compte de concentra- 
tions en hydrogene dans ledit gaz d'echappe- 
ment, imputables a des variations du debit; 

4. a partir de la teneur en hydrogene corrigee 
determinee lors de retape (3), determiner le 
taux de variation de la teneur en hydrogene 
dans ledit gaz d'echappement en fonction du 
temps (e'est-a-dire dHg/dt); 

5. comparer la valeur dHg/dt determinee lors de 
retape 4 a une premiere valeur predeterminee, 
qui est le taux maximum admissible d'augmen- 
tation de I'hydrogene dans ledit gaz d'echappe- 
ment; 

6. deiivrer un premier signal provenant de reta- 
pe 5 Iorsque dHg/dt est egal ou depasse ladite 
premiere valeur predeterminee; 

7. comparer la teneur en hydrogene corrigee 
fournie par retape 3 a une seconde valeur pre- 
determinee qui est la teneur totale maximum 
admissible en hydrogene dans ledit gaz 
d'echappement; 

8. deiivrer un second signal a partir de retape 
7 iorsque la teneur en hydrogene corrig6e pro- 
venant de retape 3 est egale ou superieure a 
ladite seconde valeur predetermines; 9. mesu- 
rer la tension totale (V s ) aux bornes dudit em- 
pilage (2); 

1 0. determiner le taux toute reduction de la ten- 
sion de I'empilage en fonction du temps (6VJ 

eft); 

11. lire la demande de puissance imposee a 
I'empilage (2); 

12. corriger le taux de reduction de la tension 
aux bornes de I'empilage (dVo/dt) determine 
brs de retape 10 pour tenir compte de varia- 
tions de la tension aux bornes de Pempilage, 
imputables a ladite demande de puissance; 

13. comparer le taux de reduction corrige de la 
tension aux bornes de i'empilage obtenu a par- 
tir de l'6tape 12 a une troisieme valeur prede- 
terminee, qui est le taux maximum admissible 
de reduction de la tension corrigee de I'empila- 
ge; 

14. deiivrer un troisieme signal provenant de 
l'6tape 13 brsque ia reduction corrigee de la 
tension de I'empilage est egale ou superieure 
a ladite troisieme valeur predeterminee; 

15. comparer la teneur en hydrogene corrigee 
fournie par I'etape 3 a une quatrieme valeur 
predeterminee qui est la teneur en hydrogene 
maximale admissible dans ledit gaz d'echappe- 
ment, imputable a une infiltration de gaz hydro- 
gene a travers une membrane (8) de ladite pile 
(4); 

1 6. deiivrer un quatrieme signal a partir de reta- 
pe 15 Iorsque la teneur en hydrogene corrigee 
depasse ladite quatrieme valeur predetermi- 
nee; 
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1 7. delivrer un cinquieme signal a partir de T6ta- 
pe 7 Iorsque la teneur en hydrogene corrigee 
obtenue a partir de I'etape 3 est inf erieure a la- 
dite seconde valeur preddterminee; 

1 8. memoriser une premiere tension individuei- s 
le V 1 d'une premiere desdites piles a combus- 
tible de type PEM dud'rt empilage (2); 

19. memoriser ladite premiere tension indrvi- 
duelle V 1 ; 

20. mesurer une seconde tension individueile 10 
V 2 d'une seconde desdites piles a combustible 

de type PEM (4) dans ledit empilage (2); 

21. determiner toute difference AV entre ladite 
premiere tension individueile V 1 et ladite se- 
conde tension individueile V 2 ; 75 

22. comparer ladite difference AV obtenue lors 
de I'etape 21 a une cinquieme valeur prSdeter- 
minee qui est la difference de tension maximale 
admissible entre deux piles individuelles quel- 
conques (4) dudit empilage (2); 20 

23. repeter les etapes 18-22 pour chaque pile 
individueile (4) dans rempiiage (2); 

24. deTrvrer un sixieme signal provenant de 
I'etape' 23 iorsque la difference de tension AV 
entre deux piles quelconques dans ledit em- 
pilage (2) est infeYieure ou egale a ladite cin- 
quieme valeur predetermined; 

25. delivrer un septieme signal provenant de 
I'etape 23 Iorsque ladite difference de tension 

AV est superieure a ladite cinquieme valeur 30 
predetermine e; 

26. declencher automatiquement une alerte in- 
diquant qu'une fuite indesirable d'hydrogene 
dans le gaz d'echappement de la cathode est 
evidente Iorsque les conditions produisant les 55 
quatrieme, cinquieme et septieme signaux 
coexistent; 

27. declencher automatiquement une alerte 
Iorsque la performance d'empilage s'altere 
Iorsque les conditions pour produire les troisie- 40 
me, cinquieme et sixieme signaux existent con- 
jointement; et 

28. declencher de facon automatique des dis- 
positions correctives pour reduire la teneur en 
hydrogene dans ledit collecteur d'echappe- 
ment (30) Iorsque les conditions de production 
desdits premier, second et troisieme signaux 
existent conjointement. 
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